Pathological studies in seven hearts from patients with dilated cardiomyopathy have shown that the number of neurons is significantly reduced in these compared with five hearts from normal subjects. The number of ganglion cells was counted in a strip of right atrial wall between the venae cavae and sectioned serially.
Dilated (congestive) cardiomyopathy is characterised
by ventricular failure of no detectable cause and the possibility of a multifactorial aetiology has been entertained. '2 In this clinical entity physiological investigations indicate that even at an early stage of the disease parasympathetic function is impaired,3 as in patients with chronic Chagas's heart disease.
In the latter condition pathological observations have consistently shown neuronal destruction at, subepicardial level and lesions in the cardiac nerves.4 5 In normal sized hearts of these patients, physiological investigations showed abnormal heart rate responses, interpreted as an indication of neuronal degeneration in the sinuatrial region. 6 In view of the physiological findings in patients with dilated cardiomyopathy, seven hearts from patients in whom a firm diagnosis of this condition had been made during life have been examined and compared with five hearts obtained from subjects who had died from extracardiac causes. These findings were compared with three hearts from patients with chronic Chagas's heart disease. Accepted for publication 9 December 1980 Material and methods Seven hearts were used in this study from four men and three women whose mean age was 41-5 years + 7-1 (standard error, SE) who had died from dilated cardiomyopathy and in whom complete clinical data and detailed necropsy findings were available. The Fig. 2A & B) . In contrast, when prominent collagen tissue was present, replacing the cells to a varying degree, it was deemed abnormal (Fig. 3A & B) . Inflammatory cells, as seen in hearts with Chagas's disease (Fig. 4) , were not encountered in the hearts from patients with dilated cardiomyopathy. In the control hearts the neuronal count averaged 6412 377 (SE), the range being from 5180 to 7511 Fig. 2(A (Fig. 6) . Results showed that in the control hearts an average number of 184±16-5 (SE) was obtained, whereas 131 ± 17-3 (SE) was found in v z2& X XgsFig. can be seen in Fig. 6 , in five of the seven hearts, the number of cells per millimetre of tissue was below 1 standard deviation (SD) of the mean value obtained in the controls. In hearts with dilated cardiomyopathy no correlation could be found between the neuronal counts and awge, duration of symptoms, heart weight, and wall thickness. Extremely low values in the number of ganglion cells per millimetre of tissue were obtained in all the three hearts with chronic Chagas's disease (Fig. 6 ). The three patients with Chagas's heart disease presented with enlargement of the heart and clinical manifestations of heart failure lasting from six to 12 months. Impaired autonomic function has been reported in heart failure.9 10 These changes probably occur as a direct result of a poor cardiac output and are therefore non-specific, heart failure being associated with a deficit of cardiac noradrenaline and a deficiency of sympathetic function.9 For defective cardiac parasympathetic control no satisfactory explanation has been offered.'I Recently we have studied patients with dilated cardiomyopathy who had a slight degree of cardiac enlargement and no recorded clinical manifestations of overt heart failure. These patients had abnormal heart rate responses during isometric exercise, impaired baroreflex sensitivity, and diminished cardiac acceleration in response to atropine-induced withdrawal of parasympathetic restraint.3 Defective parasympathetic control has previously been reported in patients with chronic cardiac Chagas's disease who had no cardiac enlargement and no clinical or functional evidence of cardiac failure. 6 We undertook this study in view of the similarity of the pathological and functional derangements of autonomic control in Chagas's disease and dilated cardiomyopathy.
The technique we have used ensured that no neuron was counted more than once. Our determination of neuronal size validates this basic requirement and renders any possible error negligible (Fig. 1) . Furthermore, the margin of error in the number of cells was very small, because ganglion cell counts by two independent observers showed 97 per cent agreement.
Though there might be differences in cell count between different laboratories depending on the method used, these are minor and never of the order of those found between the control hearts and those Amorim, Olsen with dilated cardiomyopathy. The number of ganglion cells in the cases of dilated cardiomyopathy was not reduced as severely as in the hearts with Chagas's disease but was significantly reduced in comparison with normal controls.
It could be argued that the length of atrial strips could influence the neuronal count. We have shown that this was not the case.
Macroscopically (Table 2 ) and histologically the accepted non-specific changes of dilated cardiomyopathy were found.2 These differ from those in Chagas's heart disease in which thinning of the cardiac wall at the apex ("apical aneurysm"), diffuse interstitial fibrosis, and focal myocarditis are typical. The inflammatory cells frequently present in the heart ganglia in Chagas's disease (Fig. 4) were in striking contrast to hearts with dilated cardiomyopathy, in which inflammatory cells were never seen.
The mechanism of neuronal cell destruction remains undetermined. Perhaps neuronal depopulation is an accompaniment of heart failure. It could thus occur in heart disease of known aetiology such as rheumatic heart disease.
It is tempting to speculate that neuronal depletion is aetiologically related to dilated cardiomyopathy. Further studies are necessary before such a supposition can be conclusively proved.
In Chagas's heart disease degenerative lesions of the heart ganglia are well known in man as well as being found in experimental infection with Trypanosoma cruzi.4 6 Comparative studies have shown an average of 4500 neurons in normal human hearts and an average of 739 (ranging from 0 to 3316) in 51 cases with chronic Chagas's heart disease. 4 Studies have also been undertaken in endomyocardial fibrosis (five cases) and in "idiopathic cardiomegaly" (nine cases)," a label, however, which included diverse diagnoses. Unfortunately, neither clinical data nor the duration of the illness were stated and therefore interpretation of the results is difficult. It has been suggested that in Chagas's disease neuronal destruction is produced by T. cruzi antigens which render lymphocytes cytotoxic to ganglion cells and that delayed hypersensitivity may be the mechanism responsible for cell destruction. ' The motor nucleus of the vagus supplies preganglionic fibres which are distributed to the epicardial ganglia. 18 In man, ganglion cells in the heart are only found subepicardially in the atria, forming a plexus. From this plexus, both myelinated and non-myelinated fibres enter the heart wall, where they intermingle extensively. In our studies we have not examined the length and distribution of these fibres in the tissues of the heart, but have concentrated on the subepicardial ganglion cells.
The influence of the parasympathetic nerves on the sinuatrial node is well known, but there has been considerable controversy regarding the inotropic effect on ventricular muscle.19 It has been shown that on stimulating the vagal nerves at constant heart rate there is only a very small negative inotropic effect on the ventricle.20 This effect is debatable, however, and it would be interesting to explore the consequences of impairment of parasympathetic function, because the ability to alter heart rate is an important mechanism in the adjustment of cardiac output.
Our physiological findings3 show that in dilated cardiomyopathy even at an early (prefailure) stage parasympathetic function is impaired and not associated with a significant increase in sympathetic activity. These patients, therefore, may be deprived of this sensitive mechanism for effecting rapid changes in heart rate. The hearts with Chagas's disease were provided by Dr J S Meira de Oliveira, Ribeirao Preto, Brazil.
